We examined the impact of neuropsychological (NP) impairment on activities of daily living
536
R.H.B. Benedict et al. tion processing, new learning, and executive ability (Grant & Martin, 1994; Heaton et al., 1995; Navia, Jordan, & Price, 1986 ). Yet, while many studies have documented the presence of cognitive impairment in this population, the degree to which these deficits impact activities of daily living (ADLs) and quality of life remains in question.
It is known that problems in adaptive function occur more frequently among HIV-1 patients than in the general population (Crystal & Sambamoorthi, 1996; Kass et al., 1994; Ragsdale & Morrow, 1990; Revicki et al., 1995; Weinstein, 1990) . Elevations on the Psychosocial as well as Physical Domain subscales of the Sickness Impact Profile (SIP; Bergner, Bobbit, Carter, & Gilson, 1981) were reported in a large sample of patients with AIDS (Ragsdale & Morrow, 1990) , and in a smaller sample, the specific scales of Work and Recreation were found to be particularly sensitive to disease progression (Weinstein, 1990) . While these studies suffer from reliance upon patient selfreport, other investigators have rated the capacity of patients to carry out instrumental ADLs such as meal preparation, shopping, and managing medications. In a recent longitudinal study (Crystal & Sambamoorthi, 1996) , errors in ADLs were more prevalent among HIV-1 patients with AIDS than more healthy patients.
A major problem with this research is that factors other than NP impairment could explain the association between disability and disease progression. The progression of HIV-1 disease gives rise to increased susceptibility to medical illness, and often depression, either of which may contribute to problems in everyday living skills. In an effort to disentangle the effects of NP dysfunction, and depression or medical illness, Heaton et al. (1994) investigated vocational function in a large sample of HIV-1 patients varying in psychiatric and medical complications. HIV-1 patients exhibiting NP impairment were almost three times as likely to be unemployed as patients without impairment, and those with NP deficits who remained employed were more likely to complain of problems performing their job. Removing patients with medical complications resulted in a smaller, yet significant difference in employment status between cognitively normal and impaired patients. Of the impaired group, 17.5% were unemployed, compared to 7.9% of cognitively normal patients. The initial finding also held true when patients with elevated depression scale scores were removed from the analysis. In a follow-up report (Heaton et al., 1996) , patients with NP impairment were also found to perform more poorly on vocational aptitude tests, and in this study, the impaired and normal groups were matched on Centers for Disease Control (CDC) disease stage.
These findings are important in that they demonstrate a significant association between HIV-1-associated cognitive impairment and decline in adaptive function. The conclusion that NP impairment is an important factor in the work status of patients could have a bearing on disability determinations and need for vocational assistance. However, the patients studied by Heaton et al. (1994 Heaton et al. ( , 1996 were generally those with high socioeconomic status (e.g., mean years of education ϭ 14.1, no HIV-1 transmission by way of intravenous drug use) and it is not known if the findings derived from this sample are generalizable to patients with other demographic characteristics.
In the present study, we endeavored to investigate the relationship between NP impairment and everyday functioning in HIV-1 patients with lower socioeconomic status (SES), using measures other than employment and vocational aptitude. The latter goal was deemed particularly important because we anticipated that employment rate would be low in our inner-city sample, independent of the presence of medical or neurological illness. We therefore included an assessment of very basic ADLs in a natural setting and used the SIP to assess quality of life. Across all dependent measures, we tested the hypothesis that NP impairment would be associated with increased disability.
HIV-1 and Quality of Life

537
METHODS
Participants
The participants were 39 patients undergoing treatment in a grant-supported outpatient clinic for HIV-1 disease, located at an urban hospital in the northeastern United States. The patients were diagnosed HIV-1-positive through positive enzyme-linked immunoassay and confirmatory Western Blot test. Mode of HIV-1 infection included 12 (39%) from intravenous drug use and 27 (61%) from other forms of transmission. The race/ethnicity breakdown was 18 (46%) Caucasian, 19 (49%) African American, 2 (3%) other. There were 32 men and 7 women participating in the study. The average age was 39 years ( SD ϭ 8.6), and the mean education level was 11.8 years ( SD ϭ 1.4). Most of the sample had not completed high school and the mean premorbid IQ estimated by the North American Adult Reading Test (Blair & Spreen, 1989) was low average (92; SD ϭ 7.1). Based on chart review and self-reported history, none of the patients were known to have suffered from learning disability, attention deficit disorder, traumatic head injury, or any other primary psychiatric disorder save for possible depression with the development of HIV-1 disease.
The patients were classified by medical staff according to the most recent Centers for Disease Control (1993) classification system; Eleven (28%) patients were diagnosed in stage A, 10 (26%) were diagnosed in stage B, and 18 (46%) patients were classified in CDC stage C. The average CD4 count was 146 ( SD ϭ 168). Twenty patients (51%) were taking psychotropic medications at the time of the study, and 28 (72%) patients were taking any one or combination of the antiretroviral medications zidovudine, lamivudine, stavudine, didanosine, zalcitabine, delavirdine, nevirapine, saquinavir, indinavir, or ritonivir. The frequency of drug use was assessed via patient interview and chart review. Ten patients claimed to be actively using recreational drugs, but their reported use was infrequent.
The brief NP battery was designed to encompass critical areas of cognitive function necessary for HIV-1-related diagnoses (American Academy of Neurology AIDS Task Force, 1991). The Grooved Pegboard Test (Matthews & Klove, 1964) was administered to assess fine motor coordination. The Controlled Oral Word Association Test (CO-WAT; Benton & Hamsher, 1983 ) was used to assess word generation. Patients were asked to vocalize as many words as possible beginning with the letters F , A , and S , in three 60-second time periods. The Trail Making Test (TMT; Reitan, 1958) and Symbol Digit Modalities (Smith, 1982) Test were administered to assess visual-motor speed, visual attention, and shifting of response set. Learning and memory were evaluated with two recently revised, multiple-form tests. The Hopkins Verbal Learning Test-Revised (HVLT-R; Benedict, Schretlen, Groninger, & Brandt, 1998 ) required patients to learn as many words as possible from a 12-item list, over three successive free-recall trials. Trial 4, the delayed recall trial, followed a 20-25-minute interval filled with unrelated tasks. Following Trial 4, a list of 24 words including the 12 target words and 12 nontarget or new words was read to the patient. For each stimulus, patients were asked to respond "yes" if the word was on the target list and "no" if the word was not previously presented. From the recognition task, the total number of true and false positives were recorded, from which a recognition discrimination index was calculated (true positives minus false positives). For the Brief Visuospatial Memory Test-Revised (BVMT-R; Benedict, 1997; Benedict, Schretlen, Groninger, & Dobraski, 1996) , patients were presented with an 8 ϫ 11-inch plate with six geometric visual designs for 10 seconds. The patients were instructed to reproduce as many of the designs as possible over three free re-call trials, and following a 20-25-minute delay, asked to reproduce the matrix again from memory. Finally, to assess recognition of the material, a series of 12 individual designs was presented. As with the HVLT-R, patients were asked to respond "yes" to those designs included in the original matrix and "no" to those that were not. A discrimination index was calculated by subtracting false-positives from true positives. Finally, a short form of the Beck Depression Inventory (BDI) was administered to assess symptoms of depression (Beck, Rial, & Rickels, 1974) .
The patients were classified into three grades of NP impairment using criteria adapted from the American Academy of Neurology (AAN) AIDS Task Force (Dana Consortium, 1996) . Patients assigned to the cognitively normal group performed within 1 SD of the expected mean for age on all tests administered (a single mild deficit was the only exception to this rule). The mildly impaired group comprised patients with at least one test score 2 SD s below expectation, or multiple mild (1-2 SD s below expectation) deficits. Those in the moderate/severe group achieved test scores more than two SD s below expected values in at least two domains of cognitive function, in addition to a deficit on the Grooved Pegboard Test. Education (where available) and age-adjusted norms were used to interpret test scores. These criteria correspond to AAN criteria for cognitively normal, minor cognitive motor disorder (MCMD), and HIV-1-associated dementia (HAD), respectively. The AAN criteria, however, include significant functional impairment as determined by medical assessment for both MCMD and HAD. As this study employed ADL measures as dependent variables, our diagnoses were based exclusively on the degree of NP impairment. Other possible causes of NP impairment other than HIV-1 infection were ruled out using serum and cerebrospinal fluid studies, neurological examinations, and/or cranial neuroimaging, all performed by appropriate medical consultants and coordinated by the medical director of the clinic (RH) who performed physical examinations on all patients.
Dependent Measures
During the NP exam, patients were asked to describe their residence, work history, and automobile driving status. Residence was coded as (1) subsidized home or (2) owns/ rents home or apartment. There were four categories for employment as follows: (1) unemployed and does not volunteer, (2) unemployed but has regular volunteer work responsibility, (3) employed part-time, 10-20 hours per week, and (4) employed 20 or more hours per week. For automobile driving, patients were rated either (1) patient drives or (2) patient does not drive. The SIP was administered in accordance with published instructions (Bergner, Bobbit, Carter, & Gilson, 1981) . Patients were instructed to read each symptom or complaint and "check only those problems which describe you today and are related to your state of health." From the 136 statements, scores for Psychosocial and Physical domains were obtained, as well as a Total SIP Score.
Instrumental ADLs were assessed in each patient's residence using a structured, inhome interview, a detailed summary of which is available from the first author upon request. Briefly, for each task, one of three scores was assigned: (1) failure to complete task or activity with assistance, (2) completion of task only with assistance, and (3) completion of task independently and without error. For statistical purposes, ratings of either 1 or 2 were considered impaired.
The first two items involved the patient's upkeep of his/her home and spontaneous social behavior during interactions with the examiner. General Upkeep of Home was based on the examiner's observations of the patient's residence with an emphasis on safety and cleanliness. The rating for Social Skills was based on the examiner's observations of spontaneous interactions and/or a role-played conversation.
There were three items ( Everyday Memory I, II, III ) designed to evaluate the patient's memory in everyday situations. At the beginning of the exam, the examiner began a role-play in which he/she had borrowed the patient's umbrella on a previous visit but had left it in his/her car. The patient was asked to wait at least 10 minutes and then remind the examiner to retrieve it before leaving. For the second task, patients were given a questionnaire that queried their impression of the interview, along with an addressed, stamped envelope. He/she was then asked to mail the questionnaire within 1 week. The final memory task required that the patient call the examiner at a specified time the following day.
There were two items addressing the ability to plan a social activity ( Planning of Activities I, II ). For the first task, patients were asked to look up the phone number to a local bank or store and place a phone call to determine the establishment's hours of operation. Each patient was required to independently obtain the correct information without error, or complete the task with some limited assistance from the examiner. The second task required patients to determine the time and location for a particular movie by referring to a newspaper provided by the examiner. The Planning of Activities I task was not administered in some cases because several patients did not have a telephone.
For Medication Management , the examiner asked the patients to display the dosages of their medications and indicate how many times per day they took each dosage. If a nurse or caretaker prepared the patient's medications, a lower score was assigned. Finally, the examiner evaluated the patient's involvement in paying utilities by asking them to produce records pertaining to bill payment. This Bill Payments item was difficult to score as it was common for patients in our sample to pay bills by money order, or to have payments automatically deducted from disability or welfare checks. Therefore, ratings for this item were also based on the ability to explain bill payment methods in a logical manner.
Procedure and Data Analysis
NP examinations, which included the SIP, were available to all patients undergoing treatment in the hospital clinic from July 1995 to March 1997, without charge. Patients were then asked to undergo an in-home interview and if they agreed, they were contacted by telephone to schedule an appointment within 30 days of the NP exam. Inhome interviews were conducted by a psychology graduate student or social worker. Because one of the examiners was not blind to the NP test findings, all interview protocols were given to an independent blind rater who generated the final scores used in statistical analyses.
Of 102 patients undergoing NP examination, 67 agreed to be interviewed, a compliance rate of 66%. Nine of these patients, however, were diagnosed with a central nervous system opportunistic infection or neuropsychiatric illness other than HIV-1 NP impairment. Nineteen subjects were also removed from the data to balance the groups on demographic factors and CDC stage. These subjects were removed blindly, without knowledge of NP test results.
We employed analysis of variance (ANOVA) followed by Tukey HSD post-hoc tests to analyze group differences on continuously coded dependent variables. For categorical variables, chi-square analysis was used.
RESULTS
With the final (matched) groups, ANOVA and chi-square analyses failed to detect between-group differences on age, education, estimated IQ, gender, ethnicity, CDC stage, drug use, and depression. Significant differences were found across the groups on all cognitive tests, as expected. Recognition memory, however, was spared in both of the impaired groups (Table 1) .
In Table 2 , it can be seen that the groups did not differ significantly in residence or automobile driving status. However, more cognitively normal patients were working in volunteer labor positions at the time of the study than mild-or moderate/severely impaired groups. Thirty-nine percent of cognitively normal patients were employed on at least a part-time basis, compared to 13% of mildly impaired patients and 0% of patients with moderate/severe impairment. The chi-square analysis of this measure was significant ( 2 ϭ 12.8, df ϭ 6, p Ͻ .05).
SIP scores did not differ significantly between the groups. Pearson correlations calculated between the SIP summary scores (Physical, Psychosocial, Total) and the NP variables were all nonsignificant and under .20. In contrast, all three SIP indices were correlated reliably with BDI scores (Physical r ϭ .38, p Ͻ .05; Psychosocial r ϭ .77, p Ͻ .01, Total r ϭ .72, p Ͻ .01). There were no statistically significant correlations between interview ratings and BDI scores. On the other hand, ANOVAs revealed significant differences between the NP Impaiment groups on five ADL tasks (Everyday Memory I, Planning of Activities I, Planning of Activities II, Medication Management, Bill Payments), and there were trends toward significance on two additional tasks (General Upkeep of Home, Everyday Memory III). The in-home interview data are presented in Table 3 .
In most comparisons, moderate/severe patients performed most poorly. Seventy percent exhibited at least some noteworthy difficulty with an activity planning task, while none of the cognitively-normal patients required assistance. Likewise, 63.6% of moderate/severe patients failed the medication management task, compared to only 7.6% of mildly impaired and 25% of cognitively normal patients. Where other trends were found, the overall pattern was the same in that either mild-or moderate/severe patients were more deficient than cognitively normal patients. In order to explore further the relationship between NP impairment and interview scores, Pearson correlations were calculated between each NP test and the interview Total Score. Significant correlations emerged for COWAT (r ϭ .44, p ϭ .005), HVLT-R Total Recall (r ϭ .43, p ϭ .006), HVLT-R Delayed Recall (r ϭ .38, p ϭ .017), and TMT Part B (r ϭ Ϫ.42, p ϭ .008).
DISCUSSION
Our findings replicate previous research that documents a significant association between NP impairment and unemployment in HIV-1 disease. Previous studies documented a decline in employment among HIV-1-infected persons (Kass et al., 1994) , but the contribution of NP impairment to this observation was not assessed adequately until the work of Heaton and colleagues. In one report from this group, significant findings remained between NP-impaired and cognitively normal HIV-1 patients when the influence of medical illness was controlled in the statistical analysis (Heaton et al., 1994) . In the other, a significant relationship between NP impairment and vocational aptitude was found among groups matched on CDC stage (Heaton et al., 1996) . In the present study, we also controlled for disease stage, as well as depression symptomatology, and found a significant association between NP deficit and employment status. Unlike previous studies, our sample was derived from an urban, low-SES population with a high unemployment rate. The average level of education in our sample was less than 12 years, 54% of patients were non-Caucasian, and while Heaton et al. (1994 Heaton et al. ( , 1996 removed subjects with histories of intravenous drug use, 39% of our sample had contracted HIV-1 infection through this mode of transmission. The low SES in our sample is demonstrated by an unemployment rate of 54% among the cognitively normal patients. In contrast, roughly 90% of the cognitively normal patients studied by Heaton et al. (1994 Heaton et al. ( , 1996 were employed. Therefore, we conclude that NP impairment contributes to vocational incapacity among HIV-1 patients, even in a sample with a high base rate of unemployment.
The SIP was employed because it has revealed problems in quality of life across a wide range of medical and neurological disorders. Recently, Beason-Hazen, Nasrallah, and Bornstein (1994) compared asymptomatic HIV-1 patients and at-risk seronegative controls on the SIP. Physical and Psychosocial domain SIP scores were poorer in the patient group. As cognitive impairment is mild or rare in asymptomatic patients, these data suggest that HIV-1 disease is associated with poor quality of life, regardless of the degree of cognitive impairment. Our data support this conclusion. On the other hand, SIP scores were correlated with self-reported endorsements of depressive symptoms on the BDI. As a self-report instrument, the SIP may tap into the patient's perceived psychological distress at difficulty in daily living, rather than a loss of functional (or cognitive) capacity, per se. Therefore, while complaints predict complaints, only objective impairments in cognition predict observed difficulty in everyday functioning.
In contrast to a psychometric test, our in-home interview was designed to assess the extent of disability encountered by HIV-1 patients in their own home or natural milieu. Following the approach of Crystal and Sambamoorthi (1996) , a wide range of activities was surveyed including social planning, medication management, and everyday memory. Five of nine measures revealed at least a statistical trend toward better performance among cognitively normal patients. One of the strongest effects occurred on a task that required patients to call a place of business or plan a social activity. Patients were asked to look up the phone number of a local bank or department store that was accessible based on their available mode of transportation, and then call the establishment and determine the hours of operation. None of the cognitively normal patients required any assistance with the task, while the majority of moderate/severely affected patients did. Strong effects also were found on a task that required patients to demonstrate accurate knowledge of their current medication regimen. The significant correlations between interview ratings and HVLT-R and TMT-B scores suggest that the failures in these ADLs are related to impaired new learning and executive abilities. Such failures are of concern in view of the increasing complexity of medication regimens for HIV-1 patients. NP testing could be used to assist clinicians in determining which patients require assistance with, for example, medication management.
The reader will note that the composition of the HIV-1 patient groups suggests that this sample does not precisely reflect the HIV-1 patient population. For example, 4/11 moderate/severely affected patients were considered to be in CDC stage C as were the same number of cognitively normal patients. This is counterintuitive in the face of the known association between dementia and disease severity (AIDS) in this population. This was our intention, however, as we endeavored to match normal, mild and moderate/severe groups on physical symptoms and disease. While this methodology permitted control of the effects of physical illness, the generalizability of our results to other low SES HIV-1 samples could be questioned.
Other methodological weaknesses in this study render our findings preliminary, and in need of replication. First, the neuropsychological test battery was brief and presumably less sensitive than that employed in several previous studies. While the brevity of our exam allowed us to test multiple patients quickly, the battery may have underestimated the presence of NP impairment. Second, the sample size was also small due to the fact that it was difficult to recruit physically healthy patients, without active drug or alcohol abuse, who were willing to be examined in their homes. Indeed, many of the patients in our clinic were homeless, or not agreeable to neuropsychological examination and inhome visitation. Thus, our findings could be challenged on the basis of selection bias. Third, we acknowledge that a meaningful effect would be difficult to find in this small sample due to limitations in statistical power. Finally, the reliability of the in-home structured interview is unknown. However, we wish to point out that this interview method was not designed as a psychometric instrument. Our objective was to observe everyday function in a semi-standard way, rather than develop a new "test" of ADL capacity. As self-report methods of assessing ADLs could be biased by depressed mood and other psychological factors, an observational method similar to that employed here could potentially be used to improve the accuracy of AAN MCMD and HAD diagnoses.
In conclusion, multiple factors including medical complications, depression, and cognitive deficit probably contribute to impaired ADLs and poor quality of life in HIV-1 disease. However, after accounting for demographic factors, disease stage, drug use, and depressive symptoms, the relationship between NP deficits and ADLs is shown here to be significant. With increasing degrees of NP impairment, HIV-1 patients are less likely to be employed and more likely to have difficulty completing instrumental ADLs involving activity planning and medication management.
